Background IgA vasculitis (IgAV) is a small-vessel leucocytoclastic cutaneous vasculitis, often associated with kidney
Introduction
Immunoglobulin A vasculitis (IgAV), formerly known as Henoch-Sch€ onlein purpura, is an immune complex-mediated small-vessel leucocytoclastic cutaneous vasculitis, characterized by palpable purpura, arthralgia or arthritis, gastrointestinal (GI) and renal involvement. 1 It is often regarded as a disease of childhood, but contrary to popular belief, it is not uncommon in adults. 2 Although it is considered to be the same entity, the clinical manifestations and disease course differ greatly in these two age groups. Previous studies have demonstrated that unlike in children, adult patients develop systemic involvement more frequently, with a high risk of severe GI bleeding and chronic kidney disease. 3, 4 This highlights the importance and the need of prognostic markers that can help identify IgAV patients who are at risk of developing unfavourable extracutaneous manifestations. While predictive factors have been extensively studied in children, there are limited data on adults. [5] [6] [7] Blood neutrophil-to-lymphocyte ratio (NLR) is an inexpensive and easily obtainable laboratory marker for quantifying systemic inflammation, which has been used to predict clinical outcomes in patients with various internal malignancies, cardiovascular disease and liver cirrhosis. [8] [9] [10] [11] [12] As this ratio integrates information on two immune pathways, it may provide a predictive ability that outweighs other inflammatory parameters. The aim of this study was to evaluate the utility of this ratio in predicting renal and GI involvement in adult IgAV patients.
Patients and methods

Patients
A retrospective review of adult patients diagnosed with IgAV between January 2004 and January 2016 was performed. In accordance with the study criteria used by Takeuchi et al. 13 and
Poterucha et al., 14 patients needed to have palpable purpura consistent with the disease, skin biopsy specimen showing leucocytoclastic vasculitis on light microscopy and IgA deposition on direct immunofluorescence. Patients were excluded if they had an immunologic comorbidity, coexisting internal malignancy, haematological disorder, cryoglobulinemia or any chronic renal or GI diseases. Additionally, patients who experienced hematochezia, melena or hematemesis 2 days before or after blood sampling, were also excluded owing to the possibility of neutrophilia being the secondary effect of an acute haemorrhage.
The study was approved by the local ethics review committee.
Data collection
We analyzed the medical records and registered the following: gender, age, duration of symptoms before blood sampling, clinical symptoms, results of laboratory testing and initial treatment. The laboratory test results included C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood cell count (WBC), neutrophil and lymphocyte counts, haematological parameters, urine and stool examinations. NLR was calculated based on the initial complete blood count test, by dividing the neutrophil count with the lymphocyte count. By reviewing the ambulatory records, we also registered any subsequent renal or GI symptoms following initial remission. Patients were followed from baseline visit until loss of follow-up or death.
Assessment of gastrointestinal and renal involvement
We defined GI involvement as clinical signs of hematochezia, melena or hematemesis; or a positive test result for faecal haemoglobin. Renal involvement was determined through haematuria (>5 red blood cells per high-power microscopic field in a centrifuged specimen; in the absence of concurrent urinary tract infections, urolithiasis and anticoagulant therapy) or proteinuria (>150 mg/24 h), or presence of predominant mesangial IgA deposition on the renal biopsy specimen.
Statistical analysis
The normality of distribution was analyzed using the 
Results
Basic characteristics of the study sample
Forty adult patients with IgAV who met the inclusion criteria were identified. The median age was 61 years (range 19-82 years). The cohort included 23 (57.5%) females and 17 (42.5%) males. Half of the patients had clinical symptoms suggestive of GI and/or renal involvement, of which six (15%) had only renal, three (7.5%) had only GI and 11 (27.5%) had both renal and GI involvement. Because the presence or absence of arthritis and arthralgia was only recorded in 23 (57.5%) patients of the enrolled 40 cases, we have not included this data in the statistical analysis. The median time between the appearance of cutaneous symptoms and initial blood analysis was 9.5 days (IQR 5-14 days). Patients received initial treatment after blood sampling and in all cases either corticosteroid monotherapy or a combination of corticosteroid and antibiotics were employed. Based on the severity of the subsequently developed renal and GI symptoms, therapies were altered accordingly at the discretion of the clinician.
Clinical features
As NLR represents an inflammatory response, we also included other routinely used inflammatory markers for comparison. Spearman correlation analysis indicated a significant correlation of NLR with CRP (q = 0.482; P = 0.002), ESR (q = 0.37; P = 0.019) and WBC (q = 0.469; P = 0.002); however, no significant correlation was observed with the duration of symptoms before blood sampling (q = À0.269; P = 0.094) or patient age (q = 0.282; P = 0.078). To further exclude the possibility of an acute haemorrhage having an effect on NLR, we compared the haematological laboratory values of the enrolled patients based on their organ involvements, which did not indicate a significant difference between the groups (Table 1) . When stratifying patients based on their renal and GI manifestations and comparing the inflammatory laboratory parameters, there were no statistically significant differences, irrespective of which organ involvement the patients had (Table 2) . Intriguingly, CRP was quite low in those with only GI involvement, which may be due to the small number of patients in this group and their mild clinical manifestations of IgAV. These three patients did not have extensive cutaneous symptoms and only displayed faecal haemoglobin positivity without any macroscopic bleeding of the GI tract.
Because there were no statistically significant differences in the haematological and the inflammatory values following patient stratification with regard to their organ involvements, the enrolled cases were divided into two groups.
While group 1 included patients who only had cutaneous symptoms, group 2 consisted of patients who developed GI and/or renal manifestations of IgAV, in addition to the cutaneous symptoms. The demographic and clinical characteristics of these two groups are detailed in Table 3 . Of the registered inflammatory markers, CRP (P = 0.002) and NLR (P < 0.001) were significantly higher in group 2, whereas the other laboratory parameters, age, gender and the duration of symptoms were not statistically associated with systemic involvement.
Six (30%) patients in group 2 displayed GI involvement with the presence of macroscopic bleeding, whereas eight (40%) only had faecal haemoglobin positivity without a clinically apparent haemorrhage. In cases where gross blood was observed, an endoscopic examination was performed, which showed IgAV compatible macroscopic image in all of these patients.
With regard to renal symptoms, proteinuria was a frequent finding among those with a systemic involvement (n = 15; 75%); however, none of the patients developed nephrotic syndrome. In two patients, renal involvement progressed into end-stage renal disease, 11 and 14 days following initial blood analysis. A kidney biopsy was performed in both cases, which confirmed the association with IgAV. Additionally, these two individuals also developed severe GI bleeding, the former with intussusception and the latter with perforation as a secondary complication, both requiring surgical intervention.
Receiver operating characteristic curves of NLR versus other inflammatory markers ROC curves of NLR and other inflammatory markers in relation to the systemic involvement are depicted in Fig. 1 . The area under the curve (AUC) for NLR, CRP, ESR and WBC was 0.892 (95% CI: 0.785-1; P < 0.001), 0.779 (95% CI: 0.635-0.922; P = 0.003), 0.669 (95% CI: 0.498-0.839; P = 0.068) and 0.637 (95% CI 0.462-0.813; P = 0.089), respectively. Of the considered laboratory data, NLR provided the strongest diagnostic value, as indicated by the highest AUC value. The optimal cut-off value of NLR for predicting systemic involvement was 3.34, with a specificity of 95% and a sensitivity of 85%.
NLR and disease severity
We further looked at the correlation of NLR and disease severity in patients with renal and/or GI involvement. For this, we have constructed a simple 7-point scoring system based on the clinical manifestations and course of the disease, observed among our enrolled cases. Patients received 1 point for each of the following features: haematuria, proteinuria, renal impairment, faecal haemoglobin positivity, macroscopic bleeding from the GI tract, the necessity of intensive care/surgery/dialysis or blood transfusion and death. NLR was found to be significantly correlated with the disease severity score (q = 0.51; P = 0.022) (Fig. 2) .
Discussion
Although IgAV is often a self-limiting and benign disease in children, severe complications may occur in adults, including renal impairment and serious GI bleeding requiring intensive care or surgery. 3, 15 A number of studies have been conducted with the aim to correlate various clinical features with systemic involvement in adults, such as direct immunofluorescence findings of skin biopsy specimens and skin lesion distribution, although the results are dissenting. 13, 14, 16 Additionally, endoscopic features of GI lesions and histopathological findings of renal biopsies have also been studied; however, these modalities can cause serious complications and may be contraindicated in certain cases. 4, 17 Therefore, to gain more prognostic information, we examined the utility of a noninvasive and easily obtainable cost-effective laboratory parameter. To our knowledge, this is the first biopsyproven case-control study to investigate the predictive value of NLR for systemic involvement in adult IgAV patients.
Half of the patients included in our study developed renal and/or GI involvement, of which the majority concurrently had both organs affected. In accordance with this finding, other studies have also noted high incidence of simultaneous renal and GI manifestations in adult IgAV. 4, 18 It should be mentioned, however, that some researchers could not confirm this finding, which may be related to the varying criteria employed for defining systemic involvement. 13, 19 Male gender has also been previously described as a poor prognostic indicator for systemic involvement; however, our results did not reach statistical significance.
3,18
When stratifying patients based on their renal and GI involvement and comparing the registered laboratory results, there were no significant differences in the haematological and the inflammatory laboratory values, which implies that NLR and the other inflammatory markers are not organ-specific prognostic indicators and their elevated values were not the secondary effect of a severe bleeding. Consequently, the high NLR observed in our study is, therefore, likely to be the result of an inflammatory response.
Our results demonstrated that of all the considered inflammatory parameters, NLR had the strongest diagnostic value. The optimal cut-off point for predicting systemic involvement was 3.34 with a specificity of 95% and a sensitivity of 85%. Additionally, we also found that pretreatment NLR values significantly correlated with the severity of the disease in patients who developed systemic involvement. It is important to note, however, that when constructing the scoring system used to evaluate this correlation in our study, we only considered the presence or absence of certain clinical manifestations, rather than assessing the extent of renal or GI symptoms on a spectrum.
Progression to end-stage renal disease was observed in two individuals. Compared to children, adult IgAV patients are more likely to present with a delayed renal involvement, often requiring close monitoring and diligent testing for even up to 6 months following the onset of IgAV, despite favourable initial laboratory results. 20 While delayed renal involvement was not observed in any of our cases, it should be noted that 20 patients (10 individuals from group 1 and 10 individuals from group 2) Figure 1 Receiver operating characteristic curves for predicting the development of renal and/or gastrointestinal involvement. CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; NLR, neutrophil-to-lymphocyte ratio; WBC, white blood cell count. Neutrophil-to-lymphocyte ratio = 0.51 P = 0.022 Figure 2 Correlation between pretreatment neutrophil-to-lymphocyte ratio and disease severity score. The Spearman correlation test was used, giving the coefficient q, with P-value <0.05 being significant.
did not have a follow-up time period of at least 6 months. Although one of the patients with a lower NLR than the cut-off value identified in our study developed renal manifestations of IgAV (microscopic haematuria and proteinuria) during his admission, he remained asymptomatic throughout the followup time period (9 years).
More than a third of our patients had GI involvement, which is in accordance with previous reports. 3, 4 In most cases, the symptoms consisted of colicky abdominal pain with faecal haemoglobin positivity; however, some patients developed macroscopic bleeding. Severe complications, such as intussusception and perforation were also observed in two cases, the latter resulting in a fatal outcome. None of the patients in our cohort with a lower NLR value than 3.34 displayed any clinical signs suggestive of GI involvement, during their admission and follow-up, which further highlights the prognostic value of NLR. Although a recent study demonstrated the applicability of this ratio with regard to GI bleeding in adult patients with cutaneous vasculitis, the employed criteria for the diagnosis of IgAV did not include skin histopathology examination. 21 In consideration of the probable clinical overlap between hypersensitivity vasculitis and IgAV, differentiating between these two entities is imperative when assessing and predicting renal or GI involvement. 22 Consequently, the clinical significance of the presence or absence of IgA deposition found by direct immunofluorescence of the cutaneous biopsy specimen should not be overlooked, as it enhances the diagnostic specificity. 1, 23, 24 The significance of our findings is limited by the retrospective nature of this study and its single-centre sample size. Nevertheless, as our selection was based on both clinical and histopathological findings, with the exclusion of patients with other background diseases, we believe our data represent accurate observations. Larger prospective multi-centre studies are required to validate our findings and to establish a generally acceptable cut-off value of this ratio.
In conclusion, our results suggest that NLR is a potential prognostic marker for systemic involvement in adult IgAV and can be used to identify patients at risk of developing extracutaneous manifestations. In addition, we also found that increased pretreatment NLR correlated with the severity of the systemic involvement. Whether this ratio may permit the design of prospective therapeutic studies remains to be determined.
